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$P$ $P_{c}=12.454256$
Mizushima and Gotoh (1983) $P=7.5$ ( ) , $\alpha=1.414$
Gotoh and Mizushima (1984) $P=7.5$
Nagata and Busse (1983) $Parrow 0$
2 Chait and
























$x=0$ $\delta T>0$ $z$ $y$
$z$ $x$ $T_{0}$ $\delta T$
$L$ $\delta T$ $\gamma gL^{2}\delta T/\nu$
2 $P$
$G$ $P$ $P=\nu/\kappa$




$\frac{\partial\Delta\psi}{\partial t}-J(\psi, \Delta\psi)-G^{-1}\Delta^{2}\psi+G^{-1}\frac{\partial T}{\partial x}=0$ , (2.1)
$\frac{\partial T}{\partial t}-J(\psi, T)-(PG)^{-1}\Delta T=0$ , (2.2)
2
3$\psi$ $(x, z)$ $T$ $t$
$J(f, g)$
$J(f, g) \equiv\frac{\partial(f,g)}{\partial(x,z)}$ ,
$\Delta$ 2
$\Delta\equiv\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial z^{2}}$ .
$\psi$ $T$
$\frac{\partial\psi}{\partial x}=\frac{\partial\psi}{\partial z}=0,$ $T=\pm 1$ at $x=\pm 1$ . (2.3)
$\psi$ $T$
$\psi=\overline{\psi}(x)+\hat{\psi}(x, z;t),$ $T=\overline{T}(x)+\hat{T}(x, z;t)$ . (2.4)
$\overline{\psi}$
$\overline{T}$ (2.1)-(2.$)
$- \frac{\partial\overline{\psi}}{\partial x}\equiv W(x)=x(1-x^{2})/6,\overline{T}=x$ . (25)
(2.4) $(2.1)-(2.3)$ $\overline{\psi}$ $\overline{T}$ $\hat{\psi}$ $\hat{T}$
$\frac{\partial\Delta\hat{\psi}}{\partial t}+W\frac{\partial\Delta\hat{\psi}}{\partial z}-W’’\frac{\partial\hat{\psi}}{\partial z}-G^{-1}\Delta^{2}\hat{\psi}+G^{-1}\frac{\partial\hat{T}}{\partial x}=J(\hat{\psi}, \Delta\hat{\psi})$ , (2.6)
$\frac{\partial\hat{T}}{\partial t}+W\frac{\partial\hat{T}}{\partial z}-(PG)^{-1}\Delta\hat{T}-\frac{\partial\hat{\psi}}{\partial z}=J(\hat{\psi},\hat{T})$ , (2.7)
$W”$ $\partial^{2}W/\partial x^{2}$ $\hat{\psi}$ $\hat{T}$








$[i\alpha(W-c)S-i\alpha W’’-G^{-1}S^{2}]\phi+G^{-1}D\theta=0$ , (2.10)
$i\alpha\phi+[i\alpha(W-c)-(PG)^{-1}S]\theta=0$ , (2.11)
$S\equiv D^{2}-\alpha^{2}$ $D\equiv d/dx$ $\phi$ $\theta$
$\phi=D\phi=\theta=0$ at $x=\pm 1$ . (2.12)
$\phi$
$\theta$
$\phi=\sum_{n=0}^{N}\phi_{(n)}(1-x^{2})^{2}T_{\iota}(x)$ , $\theta=\sum_{n=0}^{N}\theta_{(?\iota)}(1-x^{2})T_{n}(x)$ , (2.13)




$x$ $2(N+1)$ $x=[\phi_{(0)}, \phi_{(1)}, \ldots, \phi_{(N)}, \theta_{(0)}, \theta_{(1)}, \ldots, \theta_{(N)}]^{T}$
$A$ $B$ $(2N+2)$
$c$
(2.10) (2.11) (2.10) (2.11)





























$Gi\mathbb{I}$ and Kirkham (1970) $Parrow\infty$
$\alpha_{c}arrow 1.25$ $G_{c}\sim 587.5P^{-1/2}$
$P\leq 400$ 5
$\alpha_{c}$
$P\geq 5\cross 10^{7}$ 1.2367
6
7$12\leq P\leq 10^{8}$ $c$, 6






$\alpha_{c}$ $G_{c}$ 7 $Parrow\infty$
$P=10^{8}$ $\alpha_{c}arrow 12367$ $G_{c}\sim 589.1264P^{-0.499485}$













$\epsilon=G_{c}^{-1}-G^{-1}$ $\epsilon$ $\hat{\psi}$ $\hat{T}$
$(_{\hat{T}}^{\hat{\psi}})= \sum_{j=1}^{\}[|\epsilon|^{1/2}\Psi_{j1}+|\epsilon|^{3/2}\Psi_{j\}+\ldots]E_{j}+c.c$ . $+ \sum_{j=1}^{3}[|\epsilon|\Psi_{j2}+\ldots]E_{j}^{2}+c.c$ .
$+ \sum_{j=1}^{3}[ |\epsilon|\Psi_{j0}+\ldots]+\ldots$ , (3.1)





$S_{nj}=(S_{0}nj’01),$ $S_{nj}^{2}=(\begin{array}{ll}S_{nj}^{2} -D0 P^{-1}S_{nj}\end{array})$ ,




9(3.1) $(3.2)$ (2.6) $(2.7)$ $|\epsilon|^{1/2}$
$[i\alpha_{i}c_{j}S_{1i}+\mathcal{L}_{1i}-G_{0}^{-1}S_{1}^{2_{j}}]\Psi_{i1}=0$, (3.4)
$i$ 1, 2, 3 $\Psi_{j1}$ $\Phi_{j1}(x)$
$\Psi_{j1}=A_{j}$ $(t_{1}, t_{2}, . . )\Phi_{j1}(x)$ .
$|\epsilon|^{s/2}E_{j}$
$[ i \alpha_{j}c_{j}S_{1j}+\mathcal{L}_{1j}-G_{0}^{-1}S_{1j}^{2}]\Psi_{j\}=-\frac{\partial A_{j}}{\partial t_{1}}S_{1j}\Phi_{j1}-A_{j}S_{1j}^{2}\Phi_{j1}$










$\tilde{\mathcal{L}}_{nj}=(\begin{array}{lll}\dot{m}\alpha_{j}(WS_{nj} +2W’D) ni\alpha_{j}0 ni\alpha_{j}W\end{array})$ , $\tilde{S}_{nj}^{2}=(\begin{array}{ll}S_{nj}^{2} 0D P^{-1}S_{nj}\end{array})$ . (3.7)
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$\frac{dA_{j}}{dt}=\lambda_{i}A_{j}+\sum_{k=m}^{n}$ A $-kkj|A_{k}|^{2}A_{j}$ , (4.1)
$A_{1}$ $A_{2}$ 1 $A_{3}$
$P<P_{c}$ $j=3,$ $m=3,$ $n=3$ $P\simeq$ P-, $j=1,2,3,$ $m=1,$ $n=$
$ $P>P_{c}$ $j=1,2,$ $m=1,$ $n=2$ $\lambda_{j}=\epsilon\langle-S_{1}^{2_{j}}\Phi_{j1}+5S_{(P)}^{2}\Phi_{j1}\rangle_{j}$







8. . $-O-:\lambda_{3}/\epsilon,$ $arrow-:-\lambda_{-sas}$ .
$10^{-7}\leq P\leq 10^{\}$ 8 \mbox{\boldmath $\lambda$}$ $\lambda_{-3S\}$ $Parrow 0$





Biley and Wynne (1988)
Nagata and Busse (1983), Mizushima and Saito (1987), Chait and Korpela




(4.1) $j=1,2,$ $m=1,$ $n=2$
$\frac{dA_{1}}{dt}=\lambda_{1}A_{1}+\lambda_{-111}|A_{1}|^{2}A_{1}+\lambda_{-221}|A_{2}|^{2}A_{1}$ ,
$\frac{dA_{2}}{dt}=\lambda_{2}A_{2}+\lambda_{-112}|A_{1}|^{2}A_{2}+\lambda_{-222}|A_{2}|^{2}A_{2}$ . (4.3)
$\lambda_{2}=\lambda_{1}^{*}$ , $\lambda_{-112}=\lambda_{-221}^{*}$ , and $\lambda_{-222}=\lambda_{-111}^{*}$ .
(43) $A_{j}=a_{j}(t)e^{\text{ }(t)}$






$a_{1}=a_{2}=- \frac{c_{1}}{c_{2}+c_{3}}$ , (4.5)
$a_{1}=0,$ $a_{2}^{2}=-c_{1}/c_{2}$ or $a_{1}^{2}=-c_{1}/c_{2},$ $a_{2}=0$ (4.6)
(4.5) $\pm z$ 1 ( TBD
) (4.6) $z$ $z$ 1
( TUD ) TBD $x=0$
TUD
(4.5)




$c_{1}>0$ and $c_{3}/c_{2}\geq 1$ , (4.8)
(4.3) $-$
$\vee 2$ $12\leq P\leq 10^{8}$ 9
$P$




$\lambda’s$ $7ealpa\tau\ell$ $imagina7ypa\prime rt$
$\lambda_{1}$ 7 $84072\cross 10^{-2}$ 711462 $x10^{-1}$
$\lambda_{-111}$ $-2.91750x10^{2}$ 213535 $x10^{2}$
$\lambda_{-221}$ 328426 $x10^{1}$ $-1.87620x10^{1}$
$\lambda_{-SS1}$ 103879 $x10^{3}$ 242900 $x10^{S}$
$\lambda_{2}$ 784072 $x10^{-2}$ $-7.11462x10^{-1}$
$\lambda_{-112}$ 328426 $x10^{1}$ 187620 $x10^{1}$
$\lambda_{-222}$ $-2.91750x10^{2}$ $-2.13535x10^{2}$
$\lambda_{-SS2}$ 103879 $x10^{3}$ $-2.42900x10^{s}$
$\lambda_{S}$ 107117 $x10^{1}$ $0$
$\lambda_{-11\}$ 488246 $x10^{2}$ 550537 $x10^{2}$
$\lambda_{-22S}$ 488246 $x10^{2}$ $-5.50537x10^{2}$
$\lambda_{-3SS}$ $-2.09765x10^{4}$ $0$








$\lambda_{1\tau}\sim 90.580P^{-1.0 22}$ , $\lambda_{-111\tau}\sim-58114P^{-0.49833}$ ,
$\lambda_{-221},\sim 1828.9P^{-0.42983}$ as $Parrow\infty$ .
9 $Parrow\infty$ $\lambda_{-111\tau}$ $P>$
Riley
and Wynne (1988) Riley and Wynne
$G$
$G= \sum_{m=0,n=0}^{\infty}\epsilon_{(RW)}^{m}S_{(RW)}^{n}G_{mn}$ ,
$P=20$ $G_{mn}$ $Goo=150.91$ , Go$1=G_{10}=$














$+z$ $z$ 1 TUD $n$
$[in\alpha(W-c)S_{n}-in\alpha W’’-G^{-1}S_{n}^{2}]\phi_{1n}+G^{-1}D\theta_{n}=N_{1n}$,
$[in\alpha(W-c)-(PG)^{-1}S_{n}]\theta_{n}+in\alpha\phi_{n}=N_{2n}$ . (4.10)
$S_{n}\equiv D^{2}-n^{2}\alpha^{2}$ $N_{1n},$ $N_{2n}$
$N_{1n}=- \sum_{np+\sqrt{-}}i\alpha[p\phi_{1p}S_{q}D\phi_{1q}-qD\phi_{1p}S_{q}\phi_{1q}]$
,
$N_{2n}=- \sum_{p+q=n}i\alpha[p\phi_{1p}D\theta_{1q}-qD\phi_{1p}\theta_{1q}]$ . (4.11)
















. $P=20,$ $\alpha=0.821082$ .
12. 1 (TUD)
. $P=20,$ $\alpha=0.821082$ .
1$ $G=200$ $P=20$
$P=20$ $P<P_{c}$ Mizushima




13. . $P=20,$ $G=200$ .
$P>$







$\lambda_{2}=\lambda_{1}^{*}$ , $\lambda_{-221}=\lambda_{-111}^{*}$ , $\lambda_{-112}=\lambda_{-221}^{*}$ ,












$a_{1}^{2}=a_{2}^{2}= \frac{-c_{1}c\tau+c_{2^{C}5}}{c_{7}(c_{S}+c_{4})-2c_{5}c_{6}}$, $a_{3}^{2}= \frac{-c_{1}c_{6}+(c_{s}+c_{4})c_{2}}{2c_{5}c_{6}-(c_{3}+c_{4})c_{7}}$ . (4.15)
(4.15) (4.14) (4.15)
$(\sigma-2c_{\}a_{1}^{2})^{2}(\sigma-2c_{7}a_{\}^{2})-4c_{4}^{2}a_{1}^{4}(\sigma-2c\tau a_{3}^{2})-8c_{5}c_{6}a_{1}^{2}a_{3}^{2}(\sigma-2c_{3}a_{1}^{2})$
$+16c_{4}c_{S}c_{6}a_{1}^{4}a_{S}^{2}=0,$ $\sigma<0$ . (4.16)
(4.16)
b) TBD
$a_{1}=a_{2}\neq 0$ , $a_{3}=0$ . (4.17)
(4.5) $\mathfrak{X}’\prime \mathfrak{X}$ (4.7)
$c_{2}-\frac{2c_{1}c_{6}}{c_{\}+c_{4}}<0$ and $\frac{c_{S}-c_{4}}{c_{\}+c_{4}}>0$ . (4.18)
c) (PS)
$a_{1}=a_{2}=0$ , $a_{3}^{2}=-c_{2}/c_{7}$ . (4.19)
(4.19)
$c_{2}>0,$ $c_{1}<c_{5^{C}2}/c_{7}$ . (4.20)
d) TUD




$c_{1}>0,$ $c_{4}/c_{\}>1,$ $c_{2}<c_{1}c_{6}/c_{\}$ . (4.22)
e) (MUD)
$a_{1}^{2}= \frac{c_{2}c;-c_{1}c_{7}}{c_{\}c_{7}-c_{5^{C}6}},$ $a_{2}=0,$ $a_{\}^{2}= \frac{c_{2}c_{3}-c_{1}c_{6}}{c_{5}c_{6}-c_{\}c_{7}’}$
or $a_{1}=0$ , $a_{2}\neq 0,$ $a_{3}\neq 0$ . (4.23)
$[\sigma-(c_{1}+c_{4}a_{1}^{2}+c_{5}a_{\}^{2})][\sigma^{2}-2(c_{\}a_{1}^{2}+c_{7}a_{\}^{2})\sigma+4c_{\}c_{7}a_{1}^{2}a_{\}^{2}-4c_{S}c_{6}a_{1}^{2}a_{\}^{2}]=0$,
$\sigma<0$ . (4.24)
(4.24) 1 1 $\sigma=(c_{4}-c_{\})a_{1}^{2}$ 1 $c_{4}-c_{\}=$
$\lambda_{-221},$ $-\lambda_{-111_{l}}>0$ (423)











(4.15) $a_{1}$ $a_{2}$ (4.23)
(4.17) (4.19)
$-$ Gotoh and
Mizushima 1 PS :(4.19),




A1 $T$ $D\cdot A2T$ $D$
A I TUD or $A2TUD$
$A3PS$
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